Objective: Speculation remains that GH treatment is associated with increased neoplasia risk. Studies in GH-treated childhood cancer survivors suggested higher rates of second neoplasms, while cancer risk data for GH-treated and untreated hypopituitary adults have been variable. We present primary cancer risk data from the Hypopituitary Control and Complications Study (HypoCCS) with a focus on specific cancers, and assessment of recurrence rates for pituitary adenomas (PA) and craniopharyngiomas (CP). Design: Incident neoplasms during HypoCCS were evaluated in 8418 GH-treated vs 1268 untreated patients for primary malignancies, 3668 GH-treated vs 720 untreated patients with PA history, and 956 GH-treated vs 102 untreated patients with CP history. Methods: Using population cancer rates, standardised incidence ratios (SIRs) were calculated for all primary cancers, breast, prostate, and colorectal cancers. Neoplasm rates in GH-treated vs untreated patients were analysed after propensity score adjustment of baseline treatment group imbalances. Results: During mean follow-up of 4.8 years, 225 primary cancers were identified in GH-treated patients, with SIR of 0.82 (95% CI 0.71-0.93). SIRs (95% CI) for GH-treated patients were 0.59 (0.36-0.90) for breast, 0.80 (0.57-1.10) for prostate, and 0.62 (0.38-0.96) for colorectal cancers. Cancer risk was not statistically different between GH-treated and untreated patients (relative risk (RR)Z1.00 (95% CI 0.70-1.41), PZ0.98). Adjusted RR for recurrence was 0.91 (0.68-1.22), PZ0.53 for PA and 1.32 (0.53-3.31), PZ0.55 for CP. Conclusions: There was no increased risk for all-site cancers: breast, prostate or colorectal primary cancers in GH-treated patients during HypoCCS. GH treatment did not increase the risk of PA and CP recurrences.
Introduction
Speculation remains that there may be an increased risk of neoplastic disease in growth hormone (GH)-treated patients (1, 2) . The mitogenic and proliferative actions of GH and insulin-like growth factors (IGFs) have been demonstrated by epidemiological and experimental analyses (3, 4, 5, 6, 7) . In particular, epidemiological studies have shown an association between high levels of serum IGF1 and risk of developing certain malignancies, namely breast, prostate, and colorectal cancers (8, 9, 10) . Furthermore, patients with acromegaly, a condition caused by endogenous excess of GH and consequent increased levels of IGF1, have increased risk for development of, or mortality due to, colorectal cancer (11, 12, 13) .
Despite the associations shown in animal, in vitro, and clinical studies, increased risk for primary malignancy and neoplasm recurrence has not been confirmed in GH-treated patients. Data from an interim analysis of the Hypopituitary Control and Complications Study (HypoCCS) and a US-specific subset indicated no increased risk of primary cancers or recurrence of intracranial tumours in GH-treated adults, but were limited by a short period of follow-up and/or small number of patients (14, 15) . Earlier retrospective studies of GH-treated cohorts in general had not indicated increased risk for malignancy (16, 17, 18, 19) , although in the study of Swerdlow et al. (18) in patients treated with human cadaveric GH during childhood, the occurrence of colorectal cancer was significantly elevated vs general population rates. The majority of studies have shown GH replacement therapy in hypopituitary adults not to be associated with increased mortality due to malignancies (19, 20, 21) . However, in an epidemiological analysis of a Swedish subset of KIMS (Pfizer International Metabolic Database), excess mortality was found due to malignant brain tumours; notably of which, six of the affected eight patients had a benign pituitary tumour as primary disease and six of eight had received radiation therapy (22) . Some studies of non-GH-treated hypopituitary patients have indicated increased cancer risk (19, 23, 24) , while others have not detected such a risk for malignancy (25) .
The majority of studies in survivors of previous neoplasia, particularly brain tumours, have not indicated an association between GH treatment and increased tumour recurrence or occurrence of second neoplasms (26, 27, 28, 29, 30, 31) . Two analyses from the Childhood Cancer Survivor Study (CCSS) indicated that GH treatment is associated with an increase in the relative risk (RR) of second neoplasms in childhood cancer survivors (32, 33) ; these findings are supported by earlier analyses from HypoCCS (34) . However, a recent follow-up report from this cohort of childhood cancer survivors did not show a significantly increased risk of secondary CNS tumours among long-term survivors who received GH-treatment during childhood (35) .
This article presents a comprehensive assessment of the risk of primary cancer and recurrences of pituitary adenoma (PA) and craniopharyngioma (CP) in a large cohort of GH-treated and untreated adult hypopituitary patients who participated in the prospective, international HypoCCS observational study.
Subjects and methods

Study design and study population
The primary objective of HypoCCS was to determine long-term safety of GH replacement (Humatrope) in adults with GH deficiency (GHD) (36) . All patients had established diagnoses of adult GHD, determined by clinical history and/or biochemical testing. As HypoCCS was a non-interventional study, the diagnostic approach and treatment decisions were determined by the investigating physician, but were governed by the Humatrope product label for that country. The patients were ineligible for HypoCCS if they had unresolved or unstable conditions listed as contraindications or precautions for GH therapy, including evidence or suspicion of active malignancy or evidence of ongoing pituitary or other intracranial tumour activity.
HypoCCS was conducted in accordance with the Declaration of Helsinki, all applicable regulatory requirements in the participating countries, and was registered with ClinicalTrials.gov, number NCT 01088399. Ethical a history of PA, and 956 GH-treated and 102 untreated patients had a history of CP ( Fig. 1b) .
Follow-up time was calculated per patient from the date of first visit in HypoCCS until either the date of the last available follow-up visit, date of completion of the study, date of the reported neoplasm or date of death, whichever was the latest occurrence. It should be noted that first HypoCCS visit date may not reflect the exact start of GH treatment for an individual patient.
Neoplasm history and incident case selection
Preliminary review for potential cancer histories and cases " HypoCCS collected extensive data on aetiology of GHD including neoplasm-related causes of GHD, preexisting conditions and treatment-emergent adverse events, whether or not they were considered GH-related by participating investigators. All pre-existing conditions and adverse events in the database were coded using the Medical Dictionary for Regulatory Activities (MedDRA) version 14.0 (http://www.meddra.org/about-meddra/ vision, accessed 12 November 2014). As a first step, the HypoCCS database was systematically reviewed using the Malignancies Standardized MedDRA Query (SMQ) to select histories associated with neoplasms and incident events potentially related to malignant disease. The 'Malignancies SMQ' is a surveillance tool containing categories of events that only indicate the possibility of cancer; thus, the preliminary listing contained many non-cancers and related conditions/therapies, as well as recurrences of previous malignancies. HypoCCS also collected information retrospectively on past history of cancer, diagnoses and prior therapies related to hypothalamic/pituitary disease, pre-existing multiple endocrine neoplasia and cancer and prospectively on new neoplastic conditions, using specific checkboxes on the case report forms. Such entries were reviewed to include any potential cases not reported as pre-existing conditions and adverse events, in particular to establish history of neoplasm. The neoplasm-related checkboxes included options for indicating recurrence of hypothalamic/pituitary tumour, benign neoplasm and malignant neoplasm. In situations where the only evidence of recurrence was the use of the checkbox, a case of recurrence was assumed based on the previous pre-HypoCCS history of disease. In addition, serious adverse event reports in the Lilly pharmacovigilance database were included if not already present in the preliminary listing.
Ascertainment of history of neoplasm and incident cancer cases " Patients with history of neoplastic disease were identified from review of the varied data sources, with each specific neoplastic diagnosis assessed and flagged. Benign skin and vascular neoplasms including nevi, papillomas, angiomas and haemangiomas were excluded. Incident neoplasm cases with onset after the date of enrolment in HypoCCS were included in this analysis. Potential neoplasms were categorised as de novo, second and recurrence. De novo were defined as the first occurrence of neoplasm in a patient with no history of neoplasm, and second as development, by an independent oncogenic event, of a different neoplasm type in a patient with a previous neoplasm. Assignment of malignancy status was based on the methods described for the previous assessment of primary cancers in the HypoCCS database (14) , with new cases not included previously, assigned the likelihood as being malignant based on the previous scheme. Three levels of likelihood of malignancy were assigned: i) 'evident cancer cases' for inclusion in the main analysis, ii) 'probable cancer cases' (e.g. certain unspecified tumours) for inclusion in level 1 sensitivity analyses (evidentCprobable cases) and iii) 'possible cancer cases' (e.g. non-specific event terms (such as mass, lesion, lump, tumour), procedures (such as elevated prostate-specific antigen, abnormal pap smear and breast biopsy) and investigations recorded without supporting information) for inclusion in level 2 sensitivity analyses (evidentC probableCpossible cases). For the purposes of this analysis, recurrence included any recurrence, regrowth or increase in size of the preexisting tumour. When a patient had more than one recurrence during HypoCCS participation, only the first recurrence was counted for analysis, including the first during HypoCCS for any neoplasm that recurred before HypoCCS entry; recurrences of primary neoplasms first identified during HypoCCS participation were excluded.
Descriptive statistics
P values for comparison of demographic parameters between GH-treated and untreated patients were calculated using the c 2 test for categorical variables and the t-test for continuous variables. The P values were considered to be significant at a two-sided significance level of 0.05.
Standardised incidence ratio and 95% CI calculations for primary malignancies
Standardised incidence ratios (SIRs) and corresponding 95% CIs were calculated, by country, for primary all-site cancers: breast cancer, prostate cancer, and colorectal cancer, as the ratio between the number of cases observed in HypoCCS and the expected number of incident cases based on reference data. The expected case count was determined using gender-, race-, age-, and calendar yearspecific cancer incidence rates for the US general population from the Surveillance, Epidemiology and End Results (SEER) programme (37) , and country-, gender-, and age-specific cancer incidence rates for the general population from GLOBOCAN data published by the International Agency for Research on Cancer (IARC) (38) for all other countries, applying the corresponding number of patient-years in HypoCCS. Total observed and expected counts per country were obtained by sum of the strata, and total SIR was estimated using the pooled results from all the participant countries. Although cases of potential breast cancer in men were reported in HypoCCS, only cases in women were included in SIR calculation as GLOBOCAN does not include male breast cancer rates. Patient years of follow-up for patients at risk for breast cancer and prostate cancer were adjusted to include women and men only respectively. Definition of cancer cases in HypoCCS was in accordance with SEER criteria (37) , and therefore excluded non-melanoma skin cancer and in-situ cancers (except breast or bladder). Although in situ breast and bladder cancers are not included in the GLOBOCAN (38), they were included in these analyses to provide a conservative assessment.
The observed number of cancer cases was assumed to follow a Poisson distribution, and 95% CI were calculated using an exact method (39) .
Comparison of neoplasm risk between GH-treated and untreated patients using propensity score adjustment
Due to the observational nature of HypoCCS, adjustment for imbalances in patient characteristics between the GH-treated and untreated groups was made using stratified propensity score analysis (40) for assessment of the incidence of primary malignancies and recurrences of PA and CP. Propensity scores (the 'conditional probability of being treated') for all patients, those with history of PA and those with history of CP, were separately derived from a logistic regression model that included 27 covariates, selected either because of baseline imbalance between the HypoCCS treatment groups or their perceived impact on the occurrence of neoplasms. The list of covariates is provided in Supplementary Table 1 , see section on supplementary data given at the end of this article. The patients were stratified into quintiles based on the propensity scores (15, 41) ; for primary malignancy and recurrent PA, non-overlapping portions of the propensity score distributions were removed. Consequently, 70, 85, and 95% of baseline covariate comparisons showed no statistically significant treatment group differences after adjusting for propensity score quintiles for all patients, those with history of PA and those with history of CP respectively. Incidence rates of neoplasms of interest in GH-treated vs untreated patients were compared using the Cochran-Mantel-Haenszel method, controlling for the propensity score quintiles.
Results
Demographics and follow-up
Baseline demographic factors and GH treatment parameters are provided in Table 1 for all patients, those with history of PA and those with history of CP, split by GH-treated and untreated patient groups. Among all enrolled patients, PA was the predominant cause of GHD, with CP as the second most common intracranial tumour leading to hypopituitarism. The proportion of patients who had R3 pituitary hormone deficiencies in addition to GHD ranged from w50% (all patients, history of PA) to 80% (history of CP). The meanGS.D. follow-up/ patient for all patients was 4.8G3.9 years for GH-treated and 3.5G2.4 years for untreated patients, reflecting w40 500 and 4500 person-years of follow-up respectively. For patients with history of PA, mean follow-up was 5.2G 4.0 (GH-treated) and 3.6G3.2 years (untreated), and for those with history of CP, it was 5.1G4.0 and 3.7G3.3 years respectively.
All-site primary cancer cases and risk
For primary malignancies, 225 cases identified in 217 GH-treated patients and 45 cases in 44 untreated patients were included in the main analysis. Sensitivity analyses were performed to include cases not confirmed as cancer, with 267 cases in 257 GH-treated and 50 cases in 49 untreated patients in the sensitivity analyses (Fig. 1a) . The most common primary cancer diagnoses from GH-treated patients in the main analysis were prostate cancers (nZ40); malignant melanomas (nZ22), including one case of lentigo maligna, breast cancers (nZ21); colorectal cancers (nZ20); lung cancers (nZ16); astroglial tumours (nZ14) and thyroid cancers (nZ13). The overall estimated SIR for evident cases (main analysis) in GH-treated patients was 0.82 (95% CI 0.71-0.93) and for the USA, which contributed roughly half of the enrolled patients, was 0.85 (95% CI 0.69-1.04). Case counts and SIRs for all primary invasive cancers in HypoCCS are given by country in Table 2 when the observed case count per country is at least ten; Japan was the only individual country to have a significantly elevated SIR (2.33 (95% CI 1.20-4.06)). Inclusion of cases in GH-treated patients where malignancy status could not be clarified increased the number of observed cases from 225 to 231 (level 1 sensitivity, including probable cases) and 267 (level 2 sensitivity, including possible cases), giving SIRs of 0.84 (95% CI 0.73-0.95) and 0.97 (0.86-1.09), respectively, for all countries combined, and 0.97 (95% CI 0.79-1.17) and 1.22 (1.02-1.45), respectively, for patients from the USA. The 42 cases added for the sensitivity analyses across all countries included event terms of breast biopsy/lump/mass/neoplasm (seven cases), elevated prostate-specific antigen/prostate nodule (six cases), lung lesion/neoplasm/nodule (five cases), abnormal pap smear (five cases), renal tumour/mass/ nephrectomy (five cases), unspecified skin cancer (three cases) and unspecified brain lesions (two cases).
Of the 225 cancer cases included in the main analysis, 147 were in men and 78 were in women. For all countries, there were 205 cancer cases in 6732 patients with adult onset (AO) GHD (SIR 0.78 (0.68-0.90)) and 20 cases in 1642 patients with childhood-onset (CO) GHD (SIR 1.0 (0.61-1.54)). When considering cases for the USA alone, the SIR for cancers in CO patients rose to 2.08 (0.95-3.95). 73-3 .97) for all countries combined, based on 11, 14 and 25 observed and 2.47, 6.86 and 9.33 expected cancer cases respectively. Of the 217 GH-treated patients with cancer cases included in the main analysis, 28 had a report of previous malignant disease. Twelve of the previous primary cancers were intracranial tumours (astroglial, medulloblastoma or germ cell cancer) or leukaemia, of the types often occurring during childhood, reflected in 10 (83%) having CO GHD and the mean age at onset of the second cancer being 32.6G10.7 years. The remaining 16 patients, with average age of 64.2G20.4 years at onset of second cancer and 15 (94%) having AO GHD, had primary cancers more typically associated with adulthood, including seven patients with skin cancers; three patients with nasal/ nasopharyngeal cancers; and single cases of breast, cervical, lung and thyroid cancers, plus haemangiopericytoma and a patient with history of potentially malignant multiple endocrine neoplasia. The 28 second cancers observed during HypoCCS participation included seven skin/soft tissue cancers, five glial tumours, four lung cancers, two thyroid cancers, and two uterine cancers as well as single cases of a variety of cancer types and sites.
As the impact of exposure to GH before HypoCCS entry cannot be precisely determined in terms of contribution to the number of incident cases or patientyears of exposure, analyses were repeated for those patients considered naïve to GH at study entry. For all countries combined, the all-site primary cancers SIR for GH-treated patients who were GH-naïve at study entry was 0.87 (0.76-1.00) based on 206 observed cases and an expected count of 235.88 vs the SIR of 0.82 (95% CI 0.71-0.93) for all GH-treated patients. The SIR for all-site primary cancers in untreated patients was 0.86 (0.63-1.15) based on 45 observed cases among the 1268 untreated patients from all participating countries (Table 3) . For the USA alone, which contributed 773 (61%) of the untreated patients, the SIR for untreated patients was 0.99 (0.69-1.37) based on 36 observed cases.
Primary breast, prostate, and colorectal cancer cases and risk
Twenty-three evident breast cancers in female patients were observed in the overall HypoCCS population (21 in 
Comparison between GH-treated and untreated patients for incidence of primary cancer and recurrences of PA and CP
After adjustment for imbalances in 27 selected baseline variables using the propensity score method, no significant difference was observed in the incidence of primary malignancies between GH-treated and untreated patients (RR (95% CI) of 1.00 (0.70-1.41), PZ0.98) ( Table 4 ). The majority of patients enrolled in the HypoCCS programme were hypopituitary as a result of intracranial tumour (Table 1) . For PA, the most common cause of hypopituitarism in the database, 268 of 3668 (7.3%) GH-treated patients suffered tumour recurrence, while 56 of 720 (7.8%) untreated patients had a recurrence. CP recurrence was reported for 64 of 956 (6.7%) GH-treated patients and five of 102 (4.9%) untreated HypoCCS patients (Fig. 1b ). Crude incidence (95% CI) rates of PA and CP recurrences in GH-treated patients were 14.2 (12.6-16.0) per 1000 person-years and 13.2 (10.2-16.9) per 1000 person-years respectively. No significant differences were observed in the incidence of these typically benign intracranial tumours between GH-treated and untreated patients after adjustment for baseline imbalances; RR for PA recurrence was 0.91 (0.68-1.22), PZ0.53, while for CP there was a higher rate of recurrence in the GH-treated patients, but without statistical significance (-RR 1.32 (0.53-3.31), PZ0.55) ( Table 4) . 
Discussion
The primary objective of the HypoCCS programme was stated as 'to determine whether long-term GH replacement therapy administered in clinical practice to adults with GHD is associated with increased or decreased incidences of clinically significant adverse events'. As concerns have remained that GH treatment may be associated with increased cancer risk since GH replacement in adult hypopituitary patients was first approved in 1995 (1), detailed analysis of neoplasia risk is of critical importance. Initial analysis on incidence of primary cancer from this database indicated no increased risk for primary cancers in GH-treated adult hypopituitary patients in HypoCCS (14) . At study close, and with an increment to over 40 500 person-years for GH-treated and 4476 for untreated patients, compared with 25 034 and 2688, respectively, in the previous analysis, there remained no evidence of increased risk for primary cancers in GH-treated adult patients across all countries when comparing with general population cancer rates. One country, Japan, had a significantly elevated SIR for all-site cancers, based on 12 observed cases (in 11 patients) and 5.2 expected cases based on general population data. HypoCCS was initiated later in Japan (April 2006) than in the majority of participant countries. Details of all of the Japanese patients have been described previously (42) ; four of the ten patients had received GH treatment for !1 year, and one had received cranial irradiation that was strongly suspected to be the cause of the glioblastoma. One Japanese patient, described in that publication with unknown malignancy status, had reported onset of germinoma 0.6 years after initiation of GH therapy for GHD caused by autoimmune hypophysitis; cases of hypophysitis preceding or masking diagnosis of germinoma have been described (43) . Sensitivity analyses that incorporated cases of uncertain malignant status were performed for all-site cancers. The SIR for all countries combined was not significantly elevated upon inclusion of these additional cases. In addition to Japan, the SIR was only elevated for one additional country -a small SIR increase for the USA at the level 2 sensitivity analysis. It is unlikely that this data represent a clinically significant finding because unconfirmed cases will not be recorded in the comparator registries and the SIR increase was small. In addition to the approach comparing incidence in HypoCCS with general population comparator rates, rates of all-site primary cancer in GH-treated vs untreated HypoCCS patients were directly compared after adjustment for baseline treatment group imbalances using propensity score methodology. No significant difference in the rate of primary malignancies between GH-treated and untreated patients was observed.
Analysis of cancer incidence by age quartiles indicated an increased risk for the youngest quartile of patients (those !34.95 years of age); for all countries combined this was based on 9.33 expected and 25 observed cases. Additionally, the SIR for primary cancers in US patients with CO GHD was significantly elevated. As reported previously from the HypoCCS database it is reasonable to conclude that a proportion of these patients have a higher risk of second neoplasms associated with survival of childhood neoplastic disease (14, 34) . The updated analysis presented here included 28 patients with history of malignancy prior to HypoCCS entry, including 12 with history of intracranial tumours or leukaemia and mean age at second cancer onset of 32.6 years, and ten of whom had CO GHD. Data from the SEER programme indicated a sixfold increased risk of subsequent malignancy in childhood cancer survivors compared with the general population (44) . Analyses of the CCSS indicated that GH-treated cancer survivors treated have increased risk for development of second neoplasms compared with untreated patients (32) but with diminishing risk with increasing duration of follow-up (33) . However, the recent update from the CCSS on subsequent CNS neoplasms (meningioma and glioma), has indicated that there was no statistically significant increased overall risk of the occurrence of a CNS-second neoplasm associated with GH exposure (35) .
An association has been suggested between high serum IGF1 concentrations and breast, prostate, and colorectal cancers (5, 45) . An increased risk for colorectal cancer (SIR 7.9 (95% CI 1.0-28.7)) was reported in one study that followed-up on CO GHD adults previously treated with pituitary derived GH during childhood or early adulthood (18) . Although the findings were based on two observed cases vs a very small expected count and with regimens not directly related to biosynthetic GH usage, further evaluation of colorectal cancer in contemporary cohorts was justified. The increased patient number and extended follow-up in this report allowed for analysis by site-specific tumour type. Acknowledging a mean follow-up of only 4.8 years, the SIRs for the separate specific analyses of breast, prostate and colorectal cancers in GH-treated patients were all below unity (0.62 (0.38-0.96), 0.59 (0.36-0.90), and 0.80 (0.57-1.10), respectively). All cases of breast, prostate, and colorectal cancers reported in HypoCCS were in patients with AO GHD.
PA and/or its treatment was the predominant cause of GHD in the HypoCCS cohort, with sequelae of CP the second most prevalent intracranial tumour cause of GHD. The proportion of patients suffering recurrence of PA and CP in a previous analysis of a US subset of the HypoCCS cohort was 2.5% (GH-treated) and 4.4% (untreated), and 3.8% (GH-treated) and 5.6% (untreated), respectively, with no statistical significance between the treatment groups (15) . In this analysis of the final complete HypoCCS dataset, the proportion of patients with recurrence was in general somewhat higher than the previous assessment (for PA: 7.3% of GH-treated and 7.8% untreated, and for CP: 6.7% GH-treated and 4.9% untreated), but critically, again, there was no observed statistically significant difference in recurrence rates between GH-treated and untreated patients. Reasons for the higher rates of observed recurrence in this later analysis may include longer follow-up time and differences in ascertainment. The incidences of recurrence observed in HypoCCS were consistent with those observed in other surveillance studies and retrospective cohort studies from single or multiple investigative centres for adult patients with GHD. From their single-centre study, Hatrick et al. (46) reported two cases (4.3%) of recurrence of PA in 47 patients treated for a mean of 3.6 years, and two (7.1%) in 28 untreated control patients with a mean of 3.4 years between imaging studies. The rate of recurrence of PA in HypoCCS was, however, much lower than the rates of recurrence of non-functioning PA observed in the KIMS surveillance programme. In an analysis of 55 GH-matched pairs for GH-treatment and non-treatment within a follow-up period of 5 years, there were recurrence rates of 29.1 and 21.8% respectively, but with no statistical difference between the treatment groups (47) . In their series of 85 patients with a history of CP and follow-up imaging, Karavitaki et al. (28) observed four (12.5%) cases of recurrence in 32 patients treated with GH for a mean of 6.3 years and mean follow-up of 10.8 years, and 22 (41.5%) in 53 untreated patients with mean duration of follow-up of 8.3 years. After adjusting for sex, age at tumour diagnosis, and type of tumour therapy, GH treatment was not a significant independent predictor of recurrence (PZ0.06; hazard ratioZ0.309). In a more recently published evaluation of risk of CP recurrence in 56 GH-treated adult patients with long-term GH exposure of mean 13.6 years vs that in 70 untreated controls, after adjustment for initial radiation therapy, presence of residual tumour (postsurgery), and gender, the 10-year progression-free survival rate was 85% for the GH-treated group and 65% for the untreated group (48) .
These results on primary all-site and site-specific cancers, and recurrences of PA and CP, appear reassuring, especially as deliberately liberal approaches were taken towards case ascertainment. However, there are a number of limitations of these analyses. SIRs for all-site cancers and the site-specific cancers of interest are all well below 1.0 for GH-treated patients and so would appear to indicate lower risk for primary cancer than in the general population. Possible factors may include relatively healthier hypopituitary patients and/or those with higher socioeconomic status being more likely to be selected to receive GH replacement and/or more likely to agree to study participation. It should be noted that direct comparison of rates of all-site primary cancer between GH-treated and untreated groups in HypoCCS (adjusted for propensity score) resulted in RR of 1.00. Despite extended person years of follow-up, the average time of follow-up in HypoCCS remains relatively short (mean 4.8 years for all GH-treated patients). However, the SIRs for both GH-treated and untreated patients have reduced with increased follow-up since the previous analysis, from 0.88 (0.74-1.04) previously (14) to 0.82 (0.71-0.93) for GH-treated patients in this report. Cancer/tumour induction time was not used to adjust our analyses. Although cancer risk appeared to drop with a modest increment in average follow-up, there is the possibility that a higher risk for neoplastic disease might be revealed with longer GH treatment and/or follow-up. However, it can also be argued that cases diagnosed soon after GH initiation for GH-naïve patients in HypoCCS were unlikely due to GH treatment, leading to overestimation of observed cases. Because follow-up time accrual was only that during HypoCCS participation, no extra time would have been added to the patient-years calculation for a patient treated with GH prior to HypoCCS. Approximately one-quarter of patients treated with GH during the study had received GH treatment, predominantly during childhood, prior to study entry. The impact of such previous GH treatment on cancer risk cannot be directly determined. However, the finding of a similar SIR (95% CI) for patients naïve to GH at study entry (0.87 (0.76-1.00)) compared to the overall SIR (95% CI) (0.82 (0.71-0.93)) mitigates concerns regarding inclusion of previously treated patients to a certain extent. The HypoCCS programme followed patients from 1996 to 2012 and during this time there have been changes in clinical practice and aetiology of GHD with a relative decrease in the proportion of intracranial tumours and pituitary dysfunction diagnoses (36) . GH-treated patients were somewhat younger than the untreated patients at baseline, had a higher rate of idiopathic GHD diagnosis and a lower rate of PA (Table 1 ). Such differences may have an influence on the comparative risk for primary malignancy between treatment groups based on general population data, but were largely mitigated when comparing primary cancer risk in the GH-treated and untreated patients after propensity score adjustment. Risk for primary cancer appears higher in the lowest age quartile of our analysis and previous radiotherapy for childhood cancer is likely to be an important factor in the increased cancer incidence in the lowest age group. The HypoCCS database was limited in this respect regarding collection of data on history, type, and quantity of radiotherapy; such that specific analyses to assess the risk for radiationassociated cancer morbidity were not possible. Finally, the propensity score method cannot control for unmeasured differences between the treatment groups (e.g. socioeconomic factors, which may influence cancer risk). The use of two distinct statistical methods to evaluate cancer incidence mitigates some of the limitations of the individual methods utilised to analyse this observational data.
In conclusion, GH-replaced adult patients in HypoCCS did not appear to have an increased risk for all-site primary cancer during study, whether compared with the general population of the HypoCCS cohort or untreated patients with adult GHD. Similarly there was no apparent elevated risk for breast, prostate, or colorectal cancers in GH-treated HypoCCS patients in comparison with general population data. Finally, no significant differences in the recurrence rates for PA or CP between GH-treated and untreated hypopituitary patients were observed.
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